###### Strengths and limitations of this study

-   This is the first report to reveal that children can gain knowledge about stroke, via a lesson conducted by emergency medical technicians (EMTs) using our educational materials, which they can subsequently pass on to their parents.

-   We could not illustrate the change in the number of patients with stroke to a stroke unit or detect behavioural changes in calling an ambulance on recognition of suspected stroke symptoms.

-   However, the results of the present study indicate that the close collaboration with EMTs to improve the accuracy of diagnosis of stroke is a promising approach to reduce the time from stroke onset to arrival at the hospital.

Introduction {#s1}
============

Reducing the time from stroke onset to arrival at the hospital is essential to improving stroke outcome. Improvement in the accuracy of diagnosis of stroke by paramedics through a multilevel educational programme for emergency medical technicians (EMTs), hospital staff and citizens increased the number of patients presenting for evaluation within the therapeutic time frame for acute thrombolytic therapy.[@R1] Stroke educational campaigns for elementary school or junior high school students have been demonstrated to be effective not only for the youth, but also, indirectly, for their families through communication among family members.[@R2] In Japan, school-based intervention for a fire safety campaign or to teach first-aid for heart attack is usually performed by EMTs once a year in most elementary schools. The Akashi project, a school-based campaign of stroke education, was initially proposed by the EMTs at the firefighting headquarters in Akashi city. They attempted to raise awareness of calling an emergency medical service (EMS) on recognition of stroke symptoms, through a school-based campaign. Therefore, we collaborated with EMTs to investigate whether stroke lessons provided by EMTs to youth could be effective in facilitating the dissemination of stroke information to students and their families. Increased stroke knowledge may facilitate the early arrival of stroke victims to a stroke centre following the onset of stroke symptoms.

An aim of the current study was to examine if the use of EMTs to teach stroke awareness to elementary school children has an impact on emergent care.

Methods {#s2}
=======

This study was approved by our institutional review board and was registered with the UMIN clinical trial (ID: UMIN000018245). Akashi city, urban area of Hyogo prefecture, is designated as 'City of Meridian' in Japan, which is in the east longitude 135°, and has approximately 290 000 residents. There are 28 public elementary schools and approximately 2500 elementary school children (aged 9--10 years old) in Akashi city. The current study cohort consisted of 887 elementary school children from 11 public elementary schools, and their parents (father, mother or other guardian) in Akashi city. After receiving a lesson on stroke by a specialised stroke neurologist using our educational material for junior high school students,[@R5] the EMTs at the firefighting headquarters created a stroke lesson plan and instructed the children between September 2014 and October 2015. A total of 50 EMTs were involved with the instruction programme. The stroke lecture consisted of two lessons performed continuously in the same day. In the first lesson, the EMTs used our educational materials for elementary school children, showing an animated cartoon[@R6] ([figure 1A](#F1){ref-type="fig"}). In the second lesson, the children participated in a simulation of the experience of a stroke patient with haemiparesis: the children walked with an arm and leg restricted on one side in the gymnasium. At the end of the lecture, all the children were given a Manga (comic book; [figure 1B](#F1){ref-type="fig"}), a magnet poster, both of which were developed for elementary school children,[@R6] and a questionnaire for their parents. The magnet poster showed the FAST mnemonic derived from the Cincinnati prehospital stroke scale: F, face numbness or weakness; A, arm numbness or weakness; S, speech slurred or difficulty speaking or understanding; T, Time to call ambulance.[@R7] EMTs instructed the children to take the materials home and talk about stroke with their parents and to put the magnet poster on the refrigerator to share with their family.

![Stroke education materials for elementary school children. (A) A sample of an animated cartoon for stroke education. Original aids were written in Japanese. (B) A sample of a comic book (Manga). Original aids were written in Japanese.](bmjopen-2017-016780f01){#F1}

For the assessment, a multiple-choice and closed-type questionnaire on stroke knowledge was prepared ([box](#B1){ref-type="boxed-text"}). Regarding stroke symptoms, seven items were presented and consisted of three correct and four incorrect items. For calculating scores, participants received a point if they chose a correct item or did not choose an incorrect item. The score of questionnaires on stroke symptoms ranged from 0 to 7 points. A question concerning the first step that should be taken on recognition of stroke symptoms in an individual was asked as a single-choice test. Regarding risk factors, the seven items consisted of four correct and three incorrect items. The scores were calculated as well as questionnaires on stroke symptoms and ranged from 0 to 7. The meaning of the FAST mnemonic was asked as a single-choice test. Participants were then questioned about the symptoms of stroke associated with the 'Face', 'Arm' and 'Speech', and received a correct score if they chose the right answer in all three of the questions. The children and their parents took the same questionnaires within 2 weeks before the lesson, immediately after the lesson and at 3 months post-lesson. A letter of request to answer questionnaires for parents were carried to home by children in each time point. Questionnaires answered by the parents were taken to the school by their children and collected by the schoolteachers.BoxQuestionnaire given to the children and their parentsQuestion 1: Which symptoms do you think people with a stroke are most likely to show? **A. Facial weakness on one side** B. Fart C. Shoulder pain **D. Speaking unclearly** E. Fever **F. Weakness of arm and leg on one side of the body** G. Stomach acheQuestion 2: What do you do if you find a person who is having a stroke? A. Take him/her to the nearest hospital in a taxi or a bus. B. Tell him/her to go to his/her personal doctor tomorrow. **C. Call an ambulance** D. Tell him/her to rest.Question 3: What do you think is the likely cause of stroke? **A. Hypertension** **B. High cholesterol level** C. Back pain **D. Heavy alcohol drinking** E. Constipation **F. Smoking** G. WelfareQuestion 4: What is the meaning of the 'FAST' mnemonic?I. What is a stroke symptom in a person's face? A. Smile **B. Facial weakness on one side** C. Face drooping on both sidesII. What is a stroke symptom in a person's arm? **A. Weakness of arm on one side** B Weakness of arms on both sides C. Fracture of the armIII. What is a stroke symptom in a person's speech? A. Talkative **B. Speaking unclearly** C. Foul languageCorrect answers are in bold.

We collected the individual results of questionnaires at each time point using an anonymous student identification number assigned to each child. The results of the questionnaires in each group collected before the lesson were compared with those acquired immediately and 3 months after the lesson, using Fisher's exact test. In each questionnaire on stroke symptoms and risk factors, we conducted mixed model analysis using an anonymous number of children as a random intercept to adjust for autocorrelation of individuals using the mixed command in STATA. All statistical tests were two-sided and statistical significance was set at p\<0.05. All statistical analyses were performed using JMP 8 (SAS Institute, Cary, North Carolina, USA) or STATA software, V.13.0 (Stata Corp, College Station, Texas, USA).

Results {#s3}
=======

A total of 124 children and 398 parents who did not complete questionnaires at 3 months were excluded. Thus, data from 763 children and 489 parents were analysed ([figure 2](#F2){ref-type="fig"}). The score of questionnaires on stroke symptoms and risk factors ranged from 0 to 7 points. The expected values of both questionnaires were 3.5. The adjusted mean scores of the questionnaires on stroke symptoms/risk factors by mixed model at before, immediately and at 3 months after the lesson in children were 5.84/5.54, 6.92/6.79 and 6.80/6.33, respectively ([figure 3](#F3){ref-type="fig"}). The adjusted mean scores of the parents at before, immediately and at 3 months after the lesson were 6.42/5.74, 6.91/6.56 and 6.85/6.35, respectively. The adjusted mean total test scores of children/parents at before, immediately and at 3 months after the lesson were 11.44/12.13, 13.78/13.46 and 13.22/13.21, respectively. In both groups, the scores of stroke symptoms, risk factors or total score at immediately and at 3 months after the lesson were significantly higher than those at before the lesson (p\<0.01). The correct answer rates of how to act on recognition of stroke symptoms ([figure 4A](#F4){ref-type="fig"}): 83%/97%/89% before/immediately/3 months after the lesson in children; 87%/96%/93% in parents and the meaning of the FAST mnemonic at immediately and at 3 months after the lesson ([figure 4B](#F4){ref-type="fig"}); and 58%/90%/88% in children, 83%/89%/94% in parents were also significantly higher than those at before the lesson in both the children and their parents (p\<0.001).

![Causes of exclusion from the study. A total of 124 children and 398 parents, who did not complete questionnaires at 3 months, were excluded from the total of 887 children and their parents who were recruited for the study. Thus, data from 763 children and 489 parents were analysed in the present study.](bmjopen-2017-016780f02){#F2}

![Changes in the adjusted mean scores of the questionnaires on stroke symptoms/risk factors by mixed model in children and parents. The adjusted mean scores of both symptoms and risk factors at immediately and at 3 months after the stroke lesson were significantly higher, compared with those before the lesson in children and parents.](bmjopen-2017-016780f03){#F3}

![(A) Proportion of children and parents selecting 'call an ambulance' on recognition of stroke symptoms before, immediately and at 3 months after the lesson. The proportion of correct answer rate at immediately, as well as at 3 months after was significantly higher than that before the lesson in both children and parents. (B) Correct answer rates of 'FAST' mnemonic before, immediately and at 3 months after the lesson. In both children and parents, correct answer rates at immediately and at 3 months after the lesson were significantly higher than those at before the lesson.](bmjopen-2017-016780f04){#F4}

Discussion {#s4}
==========

We demonstrated that elementary school children were able to learn about stroke through the lessons provided by the EMTs. The schoolchildren were consequently able to transfer the knowledge gained to their parents. Furthermore, the children and their parents could recall stroke symptoms, risk factors and the meaning of FAST mnemonic, at even 3 months after the stroke lessons. The effectiveness of school-based interventions to deliver stroke knowledge and awareness to junior high school students has been previously demonstrated.[@R2] School-based interventions for cardiovascular diseases or other lifestyle-related diseases are also considered promising.[@R11] EMT-led lessons, which include experience-based learning and educational materials that are developed for elementary school children, are more likely to have favourable outcomes.

Agyeman *et al*[@R13] demonstrated that EMTs can provide a fast means of transportation of stroke patients to a stroke unit. Several reports have examined EMTs-based interventions for identification of stroke. Some of these reports demonstrated that educational programme or prehospital protocols for EMTs improved the diagnosis of stroke by paramedics and increased the victim's access to stroke thrombolysis,[@R14] although a lack of impact of paramedic training was reported.[@R18] The Akashi project intended to educate not only elementary school children and their parents on stroke, but the EMTs as well, in an attempt to decrease the arrival time to a hospital by improving the diagnosis of stroke by paramedics. Our findings suggested that stroke education delivered to youth by EMTs across the country is an effective strategy to spread stroke knowledge.

In the present study, correct answer rates of stroke sign and risk factors at baseline in children were approximately 80% and those in their parents were 80%--90%. In comparison, in our previous study, the correct answer rates were 60%--70% and approximately 80% in children and their parents, respectively.[@R6] We think that a high level of stroke knowledge at baseline could be due to higher level of stroke incidence in Japan.

Limitations of the currents study include the high loss of enrolment during parent follow-up, and the small sample size, which only includes a third of elementary children (aged 9--10 years old) in Akashi City and only 0.4% of all its citizens. To reduce the concern of bias, we conducted a mixed model analysis using an anonymous number of children as a random intercept. Further, we were unable to illustrate the change in the number of stroke patients dispatched to a stroke unit or to detect behavioural changes in calling an ambulance on recognition of suspected stroke symptoms, due to the cross-sectional design of this study. A lack of association between stroke symptom knowledge and intent to call EMS was reported from a population-based survey.[@R20] Further, the enhanced stroke knowledge seen in the parent cohort could be attributable to other informational sources such as television or newspapers, instead of resulting from communication with their children alone. There were no other local campaigns to increase stroke knowledge during the study period except 7 days of a stroke awareness week, held from May 25 to May 31 by the Japan stroke association every year. The best way to circumvent this limitation is to perform a randomised trial as reported previously.[@R21] Further study is required to clarify if the time from symptom onset to the arrival at a stroke unit can be shortened and if patient outcome can be improved because of the Akashi project.

In conclusion, a school-based intervention to deliver knowledge about stroke by EMTs in the Akashi project was implemented successfully for elementary school children, and the stroke information was passed to their parents as well. In addition to increasing the awareness of stroke symptoms in the general population, the close collaboration with EMTs to improve the accuracy of diagnosis of stroke is essential in reducing the time from stroke onset to arrival at the hospital. We hope to continue the Akashi project, and share this project with EMTs around the world.
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